296
Despite this apparent handicap he went on to become an internationally known biologist. His comment was that one advantage of a late education is that the interesting part of science (i.e. original research) starts before the subject becomes stale.
He wanted to be a lobster fisherman or a farmer. He realized that, in order to be successful in either of these occupations, he would require further education. Accordingly he attended the Nova Scotia Agricultural College, Truro, 1933-35 . However, his main reason for going to college was to please his parents, both of whom were university graduates. Here he won the Governor General's Medal and a Macdonald College (Quebec) scholarship. As an undergraduate at Truro he did research, later published with the title 'Intratyphal soil variation and bronzing of corn plants'. This paper won first prize at Montreal (1938 Montreal ( or 1939 Arthur Neish's interest in science and in research was awakened when he first saw fresh water algae through a microscope in his freshman year. Little did he realize at the time that he was to become an internationally known authority on marine algae. His career was greatly influenced by his teacher of chemistry (Professor L. C. Harlow of Nova Scotia Agricultural College) who encouraged him to take courses which qualified him both as a chemist and as a botanist. These qualifications were of great value to him later but made him unfit for employment in any Canadian university at that time as they employed only chemists or botanists.
Arthur Neish not only won prizes and distinctions for his academic work, but also for his vigour and skill on the rugby and soccer fields he received a 'most valuable' athletic award. Throughout his life, he maintained a keen interest in sports and at Saskatoon took up the game of golf and curling with an earnestness that is typical of a keen competitor. When transferred to Halifax, his interests returned to sailing and during this period he and his sons built two sailboats, one a trimaran. His persistent attempts to learn to play the bagpipes, however, won Art, as his friends knew him, no honours.
O u t l in e of S c ie n t ific C areer
In 1938 (4, 6, 7) . He became a sessional lecturer at McGill University, with Professor Harold Hibbert, devoting his spare time to problems connected with the hydrogenation of wood. During this time he gave lectures on plant biochemistry to graduate students. In 1943 Arthur Neish joined the research laboratories of the National Research Council as a Research Officer, Division of Applied Biology, one of a team, with D r Gordon Adams and D r G. A. Ledingham, to work on the production by fermentation of 2, 3-butanediol (9, 14, 17, 25, 26) , a possible starting material for the synthesis of rubber. This was a turning point in his career. The laboratories provided freedom for research workers, particu larly under the leadership of D r W. H. Cook and D r E. W. R. Steacie, F.R.S., and A rthur Neish never regretted spending most of his career in these labora tories. During the period 1943-52 most of his time was devoted to studies on the detection, formation and isolation of 2,3-butanediol. However, he did find time to study, in addition, the kinetics of the catalytic dehydrogenation of alcohols and glycols in the gaseous state (10) and to examine the effect of rot proofing fabrics by treating them with dimethylglyoxime copper and other copper complexes (11). In 1948 he moved to Saskatoon, Saskatchewan, as Research Officer and Head of the Fermentation Section and then of the Plant Biochemistry Section (1955-61), Prairie Regional Laboratory, National Research Council. During this period he became interested in the carbohydrate metabolism of bacteria, with a special interest in pentose metabolism. This work required the preparation of many different 14C-labelled sugars (40, 43, 47, 50, 51) . When he became head of the Plant Biochemistry section his interests shifted to the bio synthesis of cellulose and xylan by isotopically labelled sugars . At the same time he started a research programme on the biosynthesis of lignin and related compounds. This problem became his major interest until 1968 (103) when he turned his energies to marine plant agriculture (e.g. the propagation of Irish moss), a topic of great interest to Nova Scotia and neighbouring provinces. In 1961 A rthur Neish returned to his native province and in 1962 he succeeded E. G. Young as Director of the Atlantic Regional Laboratory (A.R.L.), National Research Council in Halifax, Nova Scotia. As at Saskatoon, this regional labora tory is situated on a university campus. A rthur Neish's efforts were directed at improving the facilities of the laboratory and assisting the Atlantic universities in increasing their scientific competence. Scientists at A.R.L. were given honorary appointments at Dalhousie University and assisted the university by presenting courses. The staff at A.R.L. were authorized, as members of the university staff, to supervise graduate research. The students registered for degrees at Dalhousie University, but were supported by, and did their research at, A.R.L. Under this programme seven students received their M.Sc. and ten their Ph.D. degrees from Dalhousie University between 1963 and 1971. When this programme was introduced some feared that the cooperating university departments would be swamped by the well-equipped scientists at A.R.L., and that the A.R.L. group would drain away graduate students thereby intensifying an already difficult situation. T hat this did not happen is due to the care the A.R.L. staff exercised in making certain that applicants for graduate studies at A.R.L. had not also applied to scientists in the University and by having the university pass on all candidates. In addition what was then the smallest cooperating department now has a scientific staff larger than A .R .L.! Financial support from A.R.L. for such graduate students ended in 1971, but the spirit of cooperative effort that was established through this arrangement is continuing. Indeed the good will engendered by the 'open door' philosophy of being helpful is now paying dividends at a time when constraints on the establishment are tight. The labora tory is continuing to act as host to graduate students and postdoctorate fellows supported either by scholarships, by Dalhousie University or by other universities in the Atlantic Region, with whom some of the staff now have joint appointments. These are productive and beneficial arrangements. In addition a number of undergraduate students are employed as technical assistants during the summer months through N.R.C.'s summer student scholarship programme. These some times result in productive collaborations on the students' return to their universities. Neish was proud of this arrangement and pleased with its success.
Another organization in which Arthur Neish and the staff of the laboratory have been active is the Atlantic Provinces Interuniversity Committee on Science. The major achievement of this committee has been to establish a community of common interest through cooperative workshops, seminars, symposia and summer student scholarships in the Atlantic Region.
Under Arthur Neish's directorship, an addition to the Atlantic Regional Laboratory was built which doubled the floor space available. In addition a Seaweed Culture Station was established on the Atlantic Coast at Sandy Cove, near Sambro, some 17 miles from Halifax. In the summer of 1970 Arthur Neish and his wife moved into a former fisherman's cottage on the station at Sandy Cove so that all his attention could be directed to the cultivation of Irish moss (Chondrus crispus). In his last four years of active research, Arthur Neish developed methods for growing Irish moss in tanks. It was his objective, using modern biological techniques, to test the possibility of growing these plants and thus to establish a viable seaweed industry in the Maritimes.
Arthur 
S c ie n t if ic w o rk
Arthur Neish's research work began by studying the gross composition of plants; he followed this by using microorganisms to produce a potentially important industrial intermediate, and then examined the question of how carbohydrates are converted into this intermediate. His work then became more Biographical Memoirs academic and was followed by a phase in which the biological synthesis of natural polymers, particularly lignin and lignin-like precursors, was examined. Finally, the trend changed again, this time to studies on the possibility of grow ing Irish moss commercially. Arthur Neish's first two papers described an improved procedure for the isolation and the determination of the composition of chloroplasts from leaf tissue. He commented on their high lipid content and the fact that copper appeared to exist chiefly in organic combinations in the chloroplasts of the leaves of Trifolium pratense (1, 2). His next interest (with Harold Hibbert) was on the effect of crown gall organism ( P h y t o m o n a so n the chemical composi tion and metabolism of beet ( Beta v u l g a r i s ) (4). He observed tha converted by the organism into cell wall and protoplasm in the tumour cells. The tum our cells have an increased synthetic activity and thus contain more solid material and less sucrose than does normal tissue. A major metabolic process is the conversion of sucrose to protein in the tumours. Lignin present in the beet is probably very similar to lignin from wood. It is possible that this observation, and Neish's collaboration with Harold Hibbert, led him to the important work he did on the biosynthesis of lignin later in his career. In the second of three papers on the subject of tum our tissues of beet (6) he showed that during aerobic metabolism of normal tissue, carbohydrates were converted to malic, oxalic and citric acids but in tum our tissue 75% of the carbohydrates were converted to unidentified substances. He also observed that lactic acid fermentation was present in normal tissues and that alcoholic fermentation predominated in tum our tissues. In the third paper (7) he studied the nitrogen metabolism of the two types of tissue and found that the tum our tissue had a greater ability to synthesize protein, and ability to synthesize protein from added ammonium sulphate.
In an important paper (8) presented at a Canadian Chemical Conference, Toronto, June 1944, Neish outlined the synthesis and biological preparation (from D-glucose) of 2,3-butanediol and its conversion to butanone-2, acetoin and butadiene. He proposed schemes (see I) whereby these materials could be used to prepare (poly)vinyl ketone, (poly)styrene and aviation fuel. In view of the price of oil fuel it may be that these schemes might become economic in the future. Studies on the production and chemistry of 2,3-butanediol continued during the next nine years.
The first problem to be resolved was to determine the physical constants of the two pure optical isomers of 2,3-butanediol and of its meso form (9) and to decide which isomer(s) was produced when Aerohacillus polymyxa grows on a wheat-mash substrate. It was shown that the meso form is readily separable from the D,L-isomers by distillation and that in the presence of the D,L-isomers an excess of the d -or L-form is readily detectable as a relatively insoluble mono-acid phthalate.
In a long paper (10) it was shown that 2,3-butanediol can be converted in almost quantitative yield to a mixture of acetoin and diacetyl in the vapour phase by using a porous copper catalyst and that the reactions are reversible. Conversion of the diol to butanone-2 can also be achieved by dehydration in dilute sulphuric acid solution, a side product being the cyclic acetal of butanone-2 and the diol, the yield of which, under special conditions, could be raised to 95.4% (14) .
In continuation of his work (with A. C. Blackwood & G. A. Ledingham) (13) Neish showed that Bacillus suhtilis (N.C.T.C. 2586) dissimilated glucose, mainly to 2,3-butanediol and glycerol under anaerobic conditions at pH 6.2 to 6.8. Lactic acid, ethanol and formic acid were also produced. Under aerobic condi tions (16) carbon dioxide, acetoin and 1,2-butanediol were the major products with minor amounts of glycerol, acetic, formic, lactic and w-butyric acids. In the fermentation a relatively large percentage of the glucose was lost as carbon dioxide and minor undesirable by-products were also produced. In an attempt to improve the yield of diol the dissimilation of glucose by strains of Serratia marcescens was studied (17, 22) . Under anaerobic or aerobic conditions the chief product was the required diol (mainly meso), minor products were lactic acid (mainly laevo) and ethanol. As a means of separating the glycerol 2,3-butanediol from the other products of metabolism, he studied the formation and extraction of cyclic acetals of 2,3-butanediol {laevo) (18). More than twenty acetals were prepared and their properties studied. In particular the catalytic cracking of some of these acetals was examined in the hope that butadiene would result (19); however, the major product was butanone-2. The separation of the meso and racemic mixture of the diols by distillation is simplified if the acetals derived from acetone and the diols are first prepared (20). In 1948 Neish described the preparation and properties of crystalline esters of the diols (24). At about this time new analytical techniques were being developed, in particular that of partition chromatography. The quantitative identification of the mixture of products produced when glucose was dissimilated to give butanediols and other materials was very tedious. Realizing the advantages of partition chromato graphy Neish developed a technique for the separation of the acids commonly occurring in fermentation liquors (25) and was able to obtain a quantitative recovery ( ± 2%) of them using a specially prepared silica gel. At about this time it became clear that the yields of 2,3-butanediol depended significantly upon the pH of the fermentation solution. The required pH (ca. 6.3) was achieved by adding crushed limestone to the fermenting solution. However, this procedure did not give a good overall control of the pH of the solution. Accordingly an apparatus was devised, with J. E. Breeze, which permitted the automatic addi tion of ammonium hydroxide to the solution and maintained the required 'poised' pH in the range 5.0-8.0 to within + 0.05 pH unit (26). It was then determined that 2,3-butanediol formation (B.
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Ford's type-strain no. 44) is at a maximum at a pH range of 6.0-6.2; at a more alkaline pH little or no diol may be produced. The formation of glycerol in the fermentation medium could be followed quantitatively by oxidizing it with periodate and determining the formaldehyde produced by a colorimetric procedure (27). This procedure was improved when it was found possible to separate the glycerol by partition chromatography on silica gel and then to determine the content of glycerol. This method permitted also the determination of butanediols (as acetaldehyde); acetoin, 1,2-propanediol, ethanediol and erythritol could also be determined in this way (28). It was later shown that fermentation of sugar by yeast yields small quantities of meso and D-2,3-butanediol (29, 31). In some cases the fermentation liquor may contain only small amounts of butanediols, glycerol and sugar alcohols. These may be removed from the aqueous solution by shaking the liquor after acidification with hydrochloric acid, with «-butyraldehyde. The yields of acetals range from 96 to 100% (32). T he complexity of the mixture of products produced on fermentation of glucose led Neish to write a mono graph Analytical methods for bacterial fermentations (36) in which the methods of microanalysis of the components present in such mixtures were detailed. This very popular monograph was reprinted and was in use in many microbial physiology laboratories but is now out of print.
In 1952 Arthur Neish described a new synthesis of sodium cyanide (14C) (35). He had studied the addition of cyanide to D-fructose (37) and he now used the labelled (14C) cyanide to study in more detail the anaerobic disimillation of glucose by Bacillus subtilis (Ford's type) and showed that glucose-l-14C gave 2,3-butanediol and lactic acid labelled in the methyl groups and glycerol labelled in the primary alcohol groups (38). Thus began the series of papers in which he gave details of the biosynthetic pathways followed in the formation of sugars and lignins. Excellent examples of Neish's ingenuity are given in his account of the conversion of D-fructose to branched chain sugars isomeric with hamamelose (41) and of the synthesis of 1-14C labelled pentonic acids (40). He used some of these labelled compounds (D-glucose-l-14C and d -and L-arabinose-l-14C) to study their anaerobic dissimilation by Aerobacter aerogenes and showed that this organism also converted D-glucose to 2,3-butanediol via pyruvic acid labelled in the methyl group. The products formed from the pentoses appeared to be produced via an intermediate heptulose (43) . In order to investigate this point he examined the metabolism of four heptoses and two heptuloses by various bacteria and yeasts (45). Sedoheptulose was the only sugar dissimilated under both aerobic and anaerobic conditions. Some organisms were capable of oxidiz ing heptoses to the corresponding heptonic acid. In view of the importance of sedoheptulose as a substrate Neish synthesized sedoheptulose-2-14C from D-ribose and sedoheptulose-3-14C from D-erythrose with labelled cyanide and by application of the cyanohydrin and the diazomethane syntheses. He studied the dissimilation of these sugars (47) under aerobic and anaerobic conditions using cultures of Aerohacter aerogenes. The same products are formed as are produced from glucose. He concluded that the labelling can be explained for the most part by assuming that the enzymes transketolase and transaldolase were function ing in conjunction with the enzymes of the Embden-Meyerhof-Parnas scheme. He had observed that this same organism will dissimilate D-allose under aerobic and anaerobic conditions to give products the same as those formed from the fermentation of D-glucose. To investigate this matter further (49) D-allose-1-14C and D-allose-2-14C were synthesized from D-ribose and the position of the radio active carbon in the products produced was determined. It was found that the 1-14C labelled sugar gave lactic acid, acetic acid, ethanol and 2,3-butanediol labelled in the methyl groups. The 2-14C labelled sugar gave lactic acid, ethanol and 2,3-butanediol labelled in the carbinol groups and acetic acid labelled in the carboxyl group. These results were interpreted as being in agreement with the hypothesis that D-allose under aerobic and anaerobic conditions is fermented mainly via the Embden-Meyerhof-Parnas route. It had been observed that Leuconostoc mesenteroides fermented D-glucose by a different route to yield equimolecular amounts of carbon dioxide, ethanol and lactic acid. The carbon di oxide came solely from C l, the ethanol methyl group from C2 and the lactic acid from C 4, C 5 and C 6 of the D-glucose molecule, the methyl group of the lactic acid originated from C 6 of the hexose. In order to study the anaerobic dissimila tion of D-xylose by this organism D-xylose-l-14C, D-xylose-2-14C and D-xylose-5-14C were synthesized (50). It was observed that D-xylose-1-14C gave methyllabelled acetic acid, D-xylose-2-14C gave carboxyl-labelled acetic acid and the 5-14C isomer gave methyl-labelled lactic acid. Thus a biological procedure became available which supplemented the chemical methods used to determine the labelling of the carbon atoms in any sample of D-xylose. When the anaerobic dissimilation of D-ribose-1-14C, D-xylose-1-14C, D-xylose-2-14C and D-xylose-5-14C by Aerohacter aerogenes was examined (51), the dissimilation was found to follow a quite different pathway, a heptulose intermediate was again implicated. The enzymes transketolase and transaldolose were involved in these transforma tions as they were when D-glucose was converted to D-arabitol by an osmophilic yeast. The labelling of the pentitol was determined by first oxidizing it to D-fAm>-pentulose with Acetohacter suboxydans and then fermenting the pentulose with Leuconostoc mesenteroides to yield an equimolar mixture of acetic acid (carbon atoms 1 and 2) and lactic acid (carbon atoms 3, 4 and 5) (55).
T he b io sy n t h e sis of cell w a ll carbohydrates
Arthur Neish now had biological degradation procedures available which would enable him to determine the 14C distribution in the sugars commonly Biographical Memoirs encountered in natural products. He had earlier (30) studied the carbohydrate nutrition of Chlorella vulgaris and shown that D-glucose, D-fructose, D-glactose and /3-glucosides, such as aesculin, cellobiose, methyl j8-D-glucoside, and lactose, are all good sources of carbon and energy for growth in darkness. In fact, with methyl /3-D-glucoside better growth was obtained in the dark than in the light. He used this information to study starch synthesis in this organism (44). D-Glucose-l-14C was used as substrate and it was shown that this sugar was incorporated into starch, by growing cells, without much breakdown and resynthesis of the sugar. He obtained from the alga, cell free extracts which contained a phosphorylase and a branching enzyme similar to those found in the potato. He demonstrated that these brought about the synthesis of an amylopectin-glycogen type polysaccharide from D-glucose-1-phosphate and he concluded that the mechanism of starch synthesis in Chlorella vulgaris is essentially the same as that in higher plants. From the holocellulose he obtained a hemicellulose fraction which on hydrolysis gave sugars which by paper chromatographic procedures were tentatively identified as glucose, rhamnose and xylose. He had already investigated the biosynthesis of cellulose, from precursors such as D-glucose-1-14C (42), sorbitol-1-14C and succinic acid-2,3-14C. He chose wheat plants for this work because it had been observed that after removal of the lignin by heating the cell wall material with nitrobenzene and alkali, a residue of crude but easily purified cellulose remained. The radioactive precursors were administered to the plant asceptically by injection of sterile solutions into the hollow internodes. The cellulose was isolated after the plants had grown from 24 to 48 hours. When D-glucose-1-14C was injected at least 50% of the carbon-14 was found at C 1 of the D-glucose molecule. When D-sorbitol-l-14C was used most of the labelled carbon was found to be evenly divided between C 1 and C 6 of the D-glucose molecule. When succinic acid was the precursor the sugar was found to be uniformly labelled. These results indicate that there is considerable conversion of D-glucose to cellulose without skeletal rearrangement and that there is appreciable cellulose formation from resynthesized glucose. Sorbitol is not an intermediate between glucose and cellulose. It is interesting that Neish used a chemical procedure (46), developed at Saskatoon to determine the 14C-distribution in labelled glucose on as little as 1 millimole. T he first step is the conversion of D-glucose to methyl a-D-glucopyranoside. This material is then oxidized with periodic acid which leads to the isolation of C 3 as formic acid. The dialdehyde, which is also produced, is then oxidized to a dicarboxylic acid which is isolated as its crystalline strontium salt. When this is hydrolysed by hot aqueous hydrochloric acid there results glyoxylic acid (Cl, C 2) which is separated from glyceric acid (C 4, C 5 and C 6) by formation of its insoluble 2,4-dinitrophenylhydrazone; when this derivative is heated at 205°C carbon dioxide (C 2) is evolved. Another sample on complete oxidation gave the 14C-distribution of C 1 plus C 2. The glyceric acid fraction was oxidized with aqueous periodic acid giving carbon dioxide (C 4), formic acid (C 5) and formaldehyde (C 6) which are readily separable. In order to obtain further information on the biosynthesis of cellulose and on the biosynthesis of xylan in wheat plants Neish examined the effects of feeding D-glucose-l-14C, D-allose-l-14C, D-ribose-l-14C, D-xylose-14C and sedoheptulose-2-14C (52). D-Allose is not a naturally occurring sugar but is fermented by Aerohacter aerogenes and was therefore included in these experi ments. The cellulose and xylan were isolated and converted to D-glucose and D-xylose respectively. This time the pattern of labelling of the sugars was deter mined by fermentation with Leuconostoc mesenteroides. The results led to the conclusion that D-glucose is a better precursor of cellulose and of xylan than any of the other sugars. The distribution of 14C in the products strongly suggested that the main route for the synthesis of the xylose unit of xylan was removal of C 6 from a hexose derivative and that pentoses were converted to xylan only through a hexose intermediate. In later publications (54, 59, 64, 67, 84) he extended his ideas on cellulose and xylan biosynthesis and concluded from his work that the C 6 decarboxylation theory of E. L. Hirst was correct and that xylan probably originated from a D-glucose derivative via uridine diphosphate-xylose and that uridine diphosphate-glycoses are generally involved in synthesis of the cell wall polysaccharides of plants. He suggested that sugars may be absorbed in plants either as esters (e.g. glucose-6-phosphate) or as 'glycosides' (e.g. glucose-1-phosphate) and that these derivatives may be inter convertible before being transformed into polysaccharides. In his paper (84) 'Non-oxidative interconversion of monosaccharides' Neish discussed the impor tance of isomerases and epimerases, aldolases and ketolases in the interconversion of monosaccharides in living systems. He concluded that these systems are of vital importance in photosynthesis, respiration and in the conversion of carbo hydrate derivatives, via shikimic acid, to aromatic compounds such as lignin. Thus we see that Neish's interest in carbohydrate biosynthesis becomes a precursor to his interest in the synthesis of naturally occurring aromatic com pounds. An elegant paper (83) which illustrates the relationship between carbohydrate biosynthesis and aromatic biosynthesis is that on 'Biosynthesis of L-rhamnose from D-glucose in buckwheat'. In this paper Neish discusses the biological origin of L-rhamnose and of rutin. D-Glucose-l-14C, -2-14C and -6-14C were fed to cuttings of buckwheat (Fagopyrum tataricum Gaertn.) and 24-48 hours later the rutin was isolated and hydrolysed. This gave D-glucose, L-rhamnose (6-deoxy-L-mannose) and quercetin all with the same specific activity. This suggested that all components of rutin came from the same carbohydrate metabolic pool. The D-glucose was degraded by fermentation with Leuconostoc m e s e n t e r o i d e s , L-rhamnose was converted to methyl L-rhamnopyranoside which was oxidized with periodic acid and then with bromine to yield the dicarboxylic acid (isolated as the strontium salt). This was then hydrolysed to glyoxylic acid (C 1 and C 2) and lactic acid (C 4, C 5 and C 6).
B io sy n t h e s is of a r o m a tic c o m p o u n d s (l i g n i n )
Neish's first publications devoted entirely to lignin biosyntheses (48, 53) showed that shikimic acid and phenylalanine were precursors of lignin in wheat {Triticum v u l g a r e Vill., var. Thatcher) and in ash-leaved maple ( negundo L., var. interim). In each case the randomly labelled (14C) precursors were used. After metabolism, cell wall fractions were prepared and oxidized with nitro benzene in alkali (42). T he resulting vanillin and syringaldehyde were separated by preparative paper chromatography or by partition chromatography on columns of Celite and isolated as the m-nitrobenzoylhydrazones. The labelling present in these compounds indicated that phenylpropane derivatives including cinnamic acid are readily transformed to two or more of the three lignin residues, and ferulic acid is very efficiently converted to the guaiacyl part of the lignin. Degradation experiments indicated that the aromatic ring and at least the adjacent side chain carbon of the C6,C3 compounds are incorporated as a unit. Preliminary experiments had indicated that there were marked differences in the utilization of lignin precursors by different species. Accordingly Neish (56) studied the ability of eleven species of higher plants to convert radioactive L-tyrosine to lignin in vivo. This compound has the phenylpropane skeleton also possesses an aromatic hydroxyl group. Previous work had shown that phenylalanine and cinnamic acid were efficiently transformed to lignins, thus the formation of the aromatic ring precedes its substitution. Only Triticum vulgare and Calamagrostis inexpansa Gray gave positive investigated were able to utilize cinnamic acid and phenylalanine. This suggests that there is a lack of a specific enzyme in some species which prevents the formation of lignin from tyrosine. Further work showed that each type of lignin
sinapic acid syringyl polymer has a corresponding aromatic monomer, e.g. sinapic acid was trans formed to syringyl residues, ferulic acid to guaiacyl residues and ^-hydroxycinnamic acid to />-hydroxyphenyl residues on lignins. Neish turned his energies to determining the origin of the C3 side chain in lignins (66). These experiments required the synthesis of cinnamic acid-3-14C, phenylhydracrylic acid-3-14C, DL-eryf/zro-phenylglyceric acid-3-14C, DL-^reo-phenylglyceric acid 3-14C, d -and L-phenylalanine-3-14C, d -and L-phenyllactic acid-3-14C, DL-mandelic acid-2-14C and ^>-hydroxybenzaldehyde, carbonyl-14C. All these compounds were also randomly labelled in the ring. The plants used in this work were wheat (Thatcher), buckwheat, maple {Acer negundo L., var. interius Sarg.), sedge {Carex atherodes) and Salvia splendens sello var. Globe of Fire. Wheat, buck wheat and salvia appear to be Neish's favourite plants for this type of work. Of the compounds listed above ^-hydroxybenzaldehyde was poorly utilized, indicat ing that the formation of C6,C3 units from a condensation of C6, Cx and C2 fragments is of very limited significance. The C6C 2 compound, mandelic acid, was not incorporated. DL-Phenyllactic acid-3-14C was incorporated into lignin with much lower dilution than either d l or DL-£/zra>-phenylglyceric acids-3-14C, and with appreciably lower dilution than DL-phenylhydracrylic acid-3-14C, supporting the concept that lignin monomers are formed via 2-hydroxylated phenylpropane intermediates. L-Phenylalanine was utilized by wheat more efficiently than the D-form; of three monocotyledons tested two showed a marked preference for ( -)-phenyllactic acid suggesting that the enzyme system which metabolizes this form predominates. These results suggest that the phenylpyruvic acid-phenylalanine system is converted (by wheat) into phenyllactic acid, then into the substituted cinnamic acid derivatives and then to the corresponding cinnamoyl alcohols before polymerization occurs. The question of stereospecificity was studied in the case of C6,C3 precursors substituted at carbon-2 of the side chain. L-Phenylalanine is superior to D-phenylalanine as a precursor, although the D-form can also be used to some extent. The efficiency of conversion of ( + ) and ( -) forms of phenyllactic acid appears to depend upon the plant species. (While on sabbatical leave in Davis, California, Neish was able to solve the problem of the absolute configuration of the phenyllactic acids (79). He found that, on reduction of phenylpyruvate Biographical Memoirs with muscle lactic acid dehydrogenase + D PNH, l-( -)-phenyllactic acid was produced, identical with a sample of acid produced by the nitrous acid deamina tion of L-phenylalanine.) Grasses seem to be unique in that they can convert />-hydroxyphenyllactic acid into ^-hydroxycinnamic acid (68) (/>-coumaric acid), which like phenylalanine was utilized by all systems tested (89). As a result of this work Neish and his collaborators were able to suggest schemes for the formation of plant phenolic compounds and their conversion to lignin (76, 77, 89, 90, 96, 103) .
sinapoyl-E sinapoyl alcohol R, -CH=CH-COOE Rl, -CH=CH* CHO R2, -C H =C H -CH2OH
E, enzyme
Work which led to a biosynthetic pathway in the conversion of D-glucose to L-rhamnose was described earlier (83). Neish was also interested in the biological origin of quercetin, a flavanoid rhamnoside found in buckwheat. He fed plants with 14C-labelled shikimic acid, phenylalanine, p-hydroxycinnamic acid and cinnamic acid and found them all good precursors of the flavone. Caffeic acid, sinapic acid and ferulic acid were poor precursors (62, 63, 78) . In order to determine the positions of the labelled carbon atoms the quercetin was first converted to the pentamethyl ether which was degraded to a mixture of veratric acid and 2'-hydroxy-2,4',6'-trimethoxyacetophenone. These two products were separated and assayed for activity. The results indicated that the C6,C3 skeleton of such precursors as phenylalanine and the cinnamic acid derivatives enter into the flavonol molecule as a unit, giving rise to ring B and the adjacent carbon atoms 2, 3 and 4 of the heterocyclic ring. It was suggested that there was an active metabolic pool for the interconversion of C6,C3 compounds present in plants and that this involved shikimic acid, phenylpyruvic acid (L-phenylalanine), phenyllactic acid and cinnamic acid derivatives. It was also suggested that condensation of the C6,C3 compound occurs before hydroxylation of ring B.
The observation that phenylalanine is a precursor of quercetin and of lignin led Neish to study the biosynthesis of phenylalanine and tyrosine in young wheat, buckwheat plants and salvia (73, 69) . It was observed, as expected, that shikimic acid was superior to glucose and acetate as a precursor of both phenyl alanine and tyrosine. Phenyllactic acid and phenylpyruvic acid were readily converted to free phenylalanine and were incorporated into bound phenylalanine as readily as was free phenylalanine itself. />-Hydroxyphenyllactic acid and />-hydroxyphenylpyruvic acid were converted preferentially to tyrosine. There was some evidence for the conversion of phenyl compounds to />-hydroxyphenyl compounds, but little evidence for a reverse reaction. Labelled cinnamic acid derivatives were not incorporated in either phenylalanine or tyrosine.
In the course of his researches Arthur Neish isolated several new substances from natural sources. One of these compounds, isolated from the leaves of Picea pungens Engelm. (Colorado spruce) was named 'pungenin' and was identified as the monoglucoside of 3,4-dihydroxyacetophenone. Methylation of this material followed by hydrolysis yielded methylated D-glucopyranose and 3-hydroxy-4-methoxyacetophenone. Pungenin is therefore 3-glucopyranosyloxy-4-hydroxyacetophenone (60). Neish went on to examine the biosynthesis of this compound (72). The best precursors (of the aglycone) were 3,4-dihydroxycinnamic acid and L-phenylalanine; cinnamic acid, its />-hydroxy derivative, phenyllactic acid and shikimic acid were quite good precursors. Sodium acetate was a poor precursor. Cinnamic acid-a-14C gave 3,4-dihydroxyacetophenone labelled chiefly in the methyl group, while cinnamic acid-/3-14C, L-phenylalanine-j8-14C, p-hydroxycinnamic acid-£-14C and caffeic acid-£-14C (75) all formed 3,4-dihydroxyacetophenone labelled mainly in the carbonyl carbon. From these results Neish concluded that this phenylethanoid compound is formed by a process involving the loss of the terminal carbon of a phenylpropanoid derivative. Neish also studied the biosynthesis of pulvinic dilactone and calycin (94, 101). Before the positions of the labelled carbons could be determined procedures had to be developed by which these compounds could be degraded to known substances. Pulvinic acid dilactone was first converted to vulpinic acid which was then oxidized to benzoyl formic acid (C6H 5CO*COOH) and oxalic acid. These compounds could then be further degraded and the 14C content of the carboxyl, keto group and benzene ring determined. Calycin was heated in a concentrated aqueous solution of potassium hydroxide and after appropriate treatment, gave phenylacetic acid, o-hydroxyphenylacetic acid and oxalic acid. Tracer experiments with 14C-labelled compounds showed the d -or L-phenylalanine, phenyllactic acid and polyporic acid were readily incorporated into both pulvinic dilactone and calycin. Neish postulated the following sequence of reactions: phenylalanine-phenylpyruvic acid-polyporic acid-pulvinic acidpulvinic dilactone-calycin. Again the importance of phenylalanine on the biosynthetic pathway between shikimic acid and naturally occurring aromatic and phenolic compounds was illustrated. Neish wrote several monographs which illustrated the importance of this biosynthetic route (89, 90, 96) .
C-COOH

M a r in e a g r ic u ltu r e
In 1965, the Fifth International Seaweed Symposium was held in Halifax under the chairmanship of D r E. Gordon Young. This conference was a major factor in Neish's decision that the work on marine algae at the Atlantic Regional Laboratory should receive greater emphasis and resolved to spearhead such a programme.
In an article 'Marine agriculture-the prospects are good for crops from the sea' (104), Neish discussed the possibility of obtaining plant food from the sea. He mentioned that seaweeds were at one time harvested because of their salt content (sodium, potassium and iodide). These industries have now died out and new ones have developed. Seaweeds are now exploited for their organic constituents, primarily polysaccharides such as agar, carrageenan, furcellaran and sodium alginate, which find wide application in the food and pharmaceutical industries. The importance of the seaweed industry to the economy of the Eastern Provinces led Neish to investigate the possibility of growing these plants under artificial and controlled conditions. It was his conviction that the principles of agriculture should be applied, that the only way to do this was to build an experimental station with flowing seawater where plants could be brought out of the ocean into the greenhouse and studied in their natural medium. He established such a station 17 miles south of Halifax with a minimum of funds. Here he was able to investigate the effect of light, temperature, fertilizers etc. on the growth of selected clones. In the summer of 1970, Neish moved into a former fisherman's cottage on the station so that all his attention could be directed towards the study of Irish moss. His efforts were successful and though the forces of austerity and inflation have placed constraints on resources, his colleagues are endeavouring to build on the base he established. Two companies are examining the commercial development of Neish's method for propagating Irish moss. It was a source of great pride, satisfaction and comfort to Neish that his oldest son, I. C. Neish, was one of the first, if not the first, to grow seaweed (dulse) in tanks commercially. This venture began in 1972 on Grand Manan Island, N.B.
In the spring of 1972, Neish began to be troubled with what was thought to be an ulcer. It was not realized how ill he was until the correct diagnosis was made later. He moved to his farm at Karsdale, near Granville Ferry, in September 1972, which he had bought earlier with the intention of farming on a small scale. This was not to be. He died in hospital on 7 September 1973. He is survived by his wife, four children and three grandchildren.
His photograph is by courtesy of the Public Information Branch, National Research Council, Ottawa, Ontario, Canada K1A OR6, and was taken in 1967.
This memoir owes much to the help given by Mrs Dorothy Ann Ray Neish and Dr F. J. Simpson. 
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